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An octapeptide, H-Lys-Gly-Asp-Glu-Glu-Ser-Leu-Ala-OH corresponding to the sequence of the
delicious peptide! has been synthesised on a 2% triethyleneglycol dimethacylate-crosslinked polysty-
rene support (PS-TEGDMA). The new flexible polyoxyethylene crosslinked support is prepared
from the styrene and TEGDMA by radical-induced suspension polymerisation. The functionalised
support containing 1.74 mmole of chlorine/g has been used for the stepwise assembly of the pep-
tide. Couplings of Boc-amino acids proceed smoothly in two stages. The peptide resin is finally
cleaved to obtain the free peptide. The optimum hydrophilic-hydrophobic balance achieved in the
solid support permit the synthetic manipulations to be carried in the gel phase. The synthesis illus-
trates the application of the novel flexible support in solid phase peptide synthesis.
Peptides play a key role as structural and func-
tional elements in biochemistry, pharmacology
and immunology'. Synthesis of biologically active
proteins and peptide sequences is significant in
unraveling the structure-activity correlation and to
establish their conformation pattern'. The solid
hase synthesis reported by Merrifield" has made
an inestimable contribution to the synthesis of bi-
ologically and medicinally important polypeptides.
The role of the polymer support in the success of
the solid phase synthesis was a subject of much
controversy. Earlier the support was believed to
be only a passive medium on which the chemical
synthesis took place. But later it was pointed out
that the polymer matrix has a definite role to play
in the synthetic procedures. The. success of a solid
phase synthesis often depends on the physico-
chemical characteristics of the solid phase on
which the synthetic manipulations are carried
out5•6. As the peptide chain grows on the polymer
support, its physicochemical properties influence
the solvation characteristics of the peptide-bearing
support. Therefore, a more ideal support would
be one in which the physicochemical characteris-
tics of the support resembles those of the growing
peptide chain". Thus, Sheppard and coworkers''
introduced the polar polyacrylamide based sup-
ports. But these supports swell only in polar sol-
vents like dimethylformamide (DMF), dimethyla-
cetamide (DMA) etc. A more compromising situ-
ation would be the supports which are amphiphil-
ic in nature, i.e., which swell in both the polar and
the apolar solvents employed in peptide synthesis.
The present paper describes the gel phase synthe-
sis of a delicious octapeptide on a new flexible
polymer support. The TEGDMA-crosslinked po-
lystyrene support provides the optimum condi-
tions for gel phase synthesis? ensuring near quan-
titative conversions at every stage of the synthesis.
Poly(styrene-co-TEGDMA) (2%) was prepared
by suspension polymerisation 10 of styrene 1 and
TEGDMA 2 in the presence of an inert diluent
toluene and radical initiator (Scheme I). Styrene is
hydrophobic and TEGDMA is hydrophilic and
flexible. An introduction of TEGDMA in the
copolymer in appropriate mole ratio provides the
polymer an optimum hydrophilic-hydrophobic
balance!'. The styrene backbone provides rigidity
and mechanical stability to the polymer while
TEGDMA induces flexibility and hydrophilicity.
The resin was found to be amphiphilic in nature
and swells well in polar solvents like dimethyl-
formamide, dioxane and also in apolar solvents
like benzene, dichloromethane and chloroform.
1 g resin with a dry be? volume of 4.2 mL swells
almost three and half times (swollen volume 14.8
mL) in dichloromethane while in dioxane it swells
3 times, swollen volume 12.0 mL). This amphi-
philic nature is often helpful in peptide synthesis
where a number of solvents with varying polari-
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Scheme II-CWoromethylation of resin 3
ties are frequently employed. The resin was ob-
tained in entirely beaded form, with ,smooth sur-
face morphology, largely of 200-400 microns
mesh size. The resin beads are mechanically and
thermally' stable under the peptide synthetic con-
ditions.
The beaded resin 3 was functionalized with
chloromethyl groups" using chloromethyl methyl
ether in the presence of anhyd. zinc chloride
(Scheme II). The controlled chloromethylation af-
forded chloromethylated polymer 4 with a chlo-
rine capacity of 1.74 mmoles chlorine/g, estimat-
ed by the pyridine fusion method. The extent of
functionalization can be controlled at the desired
level by adjusting the chloromethylation condi-
tions. The C-terrninal amino acid Boc-Ala was es-
terified to the chloromethyl resin 4 by the Gisin's
method". The level of Boc-Ala substitution in the
Boc-Ala resin 5 was determined to be 0.53
mmole/g by picric acid method 14. Boc-Ala resin
(400 mg; 0.21 mmole) was used for further syn-
thesis. Next amino acid in the sequence, Boc-Leu,
was incorporated into the aminoacyl resin 5
through dicyclohexylcarbodiirnide (DCe) mediat-
ed coupling to give 6. The remaining Boc-amino
acids were assembled on the Boc-aminoacyl resin
6 following the standard solid phase assembly
technique'>. The entire sequence of synthesis is
depicted in Scheme III.
The finished peptide 8 was cleaved from the
peptidyl resin 7 by treatment with TFA in the
presence of scavenging reagents 16 for 30 hr. The
crude peptide was precipitated by the addition of
ice-cold ether and isolated after repeated wash-
ings with fresh ether. 200 mg of peptidyl resin
gave 122 mg crude peptide which was purified by
HPLC. The amino acid analysis gave the follow-
ing results: Lys, 1 (1); Gly, 0.8 (1); Asp, 1 (1);
Glu, 2.4 (2); Ser, 1.2 (1), Leu, 1 (1); Ala, 1.3 (1 ).
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TF A Cleavage 40° C , 12hr
H--Lys--Gly--Asp--Glu-Glu--Ser--Leu-Ala-OH
8
Scheme III-Solid phase assembly of a delicious peptide KGDEESLA
Experimental Section
All the solvents used were of reagent grade and
were distilled and purified by literature proce-
dures. Styrene (Merck Germany) and TEGDMA
(Aldrich Chemical Co., USA) were used. Side
chain-protected amino acids were supplied by
Applied Biosystems Inc., USA, and the other Boc
amino acids were prepared by Schnabel's meth-
od 17. IR spectra were recorded on Shimadzu IR
470 spectrophotometer using KBr pellets. HPLC
was performed on Pharmacia HPLC analyser us-
ing a pepRPC HR 5/5 (reverse phase) column.
Amino acids analysis was done on a Pharmacia
LKB Alpha Plus amino acid analyser.
Synthesis of 2% poly(styrene-co-TEGDMA)
resin 3. A mixture of styrene (33.6 mL, 98
mmoles, 3 equiv.), TEGDMA (1.8 mL, 2 mmoles,
3 equiv.), toluene (7 mL, 3 equiv. 20 volume % of
monomers) and benzoyl peroxide (600 mg) was
suspended in a solution of polyvinylalcohol (PVA
(4 g, mol. wt 75,000) dissolved in water (425 mL)
and. kept mechanically stirred at 400 rpm in a cy-
lindrical polymerisation vessel purged with nitrog-
en gas. Polymerisation temperature was gradually
raised to 80°C and was maintained till the poly-
merisation was completed. Polymerisation started
after 4 hr and was complete in 8 hr. The beaded
product resin was filtered through a sintered fun-
nel (G-2), washed with hot water (3 x 50 mL, 3
times) to remove PYA, acetone (3 x 50 mL, 3
times) to remove linear polymers and low molecu-
lar weight products, methanol (3 x 3 mL, 3 times),
drained and dried in vacuum at 50°C (yield 23.5
g; 54%)., The resin beads were meshed through
standard sieves to give beads of 4 different sizes.
IR (KBr); 1720 (ester carbonyl), 1020 (ether lin-
kage), and 900 em - I (aromatic ring).
Functionalization of 3 by chloromethylation
and estimation of chlorine capacity. The resin 3
(4 g) was pre-swollen in DCM (25 mL) in a
2-necked flask fitted with a reflux condenser and
a dropping funnel. Anhydrous zinc chlo ride dis-
solved in THF (0.1 mole, 1.6 mL) was added to
the chloromethyl methyl ether and this solution
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carefully added to the pre-swollen resin in small
lots. The mixture was refluxed at 50°C for 10 hr
with intermittent shaking. Utmost care was taken
to preserve the moisture-free condition during
chloromethylation. The product polymer was fil-
tered through sintered funnel (G-2), washed with
THF (20 ml.x 3 x 3 min). The chloromethylated
resin was vacuum-dried at 50°C to constant
weight (yield 4.8 g). The chlorine capacity of the
chloromethylated resin 4 was determined by the
pyridine fusion method and the excess chlorine
estimated by modified Volhard's titration'! against
standard ammonium thiocyanate using ferric alum
as internal indicator. Chlorine capacity of resin 4
was estimated to be 1.74 mmoles/g.
Peptide assembly on resin 4
(a) Attachment of the first amino acid to the
chloromethyl resin 4. The first amino acid, Boc-
Ala was esterified to the chloromethyl resin (chlo-
rine capacity 1.74 mmoles/g) following Gisin's ce-
sium salt method. A solution of cesium carbonate
(0.56 g; 1.72 mmoles) in water (1 mL) was care-
fully added to Boc-Ala (0.33 g; 1.74 mmoles) dis-
solved in ethanol-water mixture (7:3; VIV) till pH
reached 7.8. The reaction mixture was kept undis-
turbed for 30 min and the solvent was removed
completely by repeated rotary evaporation using
aliquots of dry benzene. The white cesium salt of
Boc-Ala obtained was dried in high vacuum over
phosphorus pentoxide for 1 hr. It was dissolved
in the minimum quantity of freshly distilled DMF
purified over molecular sieves. Chloromethyl res-
in (500 mg; 0.87 mmole) was added to the above
solution and the mixture was heated in an oil-bath
at 50°C for 60 hr with occasional shaking. The
resin was filtered through a sintered funnel (G-2),
washed with DMF (10 mL; 3 x 3 min), DMF/wa-
ter (10 mL; 3 x 3 min), DMF (10 mL; 3 x 3 min),
methanol (10 mL, 5 x 5 min) and finally with
DCM (10 mL; 5 x 5 min). The product was
drained and dried in vacuum desiccator (yield
620 mg). The Boc-Ala substitution level of the
above resin 5 determined by the picric acid meth-
od was found to be 0.53 mmole/g.
(b) Stepwise incorporation of amino acid resi-
dues. The target peptide chain was assembled on
the Boc-Ala resin 5 using the remaining Boc ami-
no acids of the sequence in a stepwise manner.
Boc-Ala-resin (400 mg; 0.21 mmole) was used for
further synthesis. For each coupling, a threefold
molar excess of Boc amino acids was used to en-
sure completion of coupling. In most of the cases
double couplings were required to drive the reac-
tion to completion. However, in the case of Boc-
Ser (OBzI) only a single coupling was adequate.
One complete synthetic cycle consisted of the fol-
lowing steps:
(i) Washing with dichloromethane (10 mL,
6 x 1.5 min)
(ii) Boc-deblocking using 30% TFA in dichlo-
romethane (10 ml.x 30 min)
(iii)Washing with DCM (10 mL; 6 x 1.5 min)
(iv) Prewash using 5% diisopropylethylamine
(DIEA) in DCM (10 ml..x 1.5 min)
(v) Neutralisationusing 5% DIEA in DCM (10
mLx 10min)
(vi) Washing with DCM (10 ml.x 6 x 1.5 min)
(vii) Equilibration with Boc amino acids for 10
min followed by coupling of Boc amino acids in
the presence of DCC in DCM (1 mL; 0.61
mmole) for 50 min
(viii) Washing off dicyclohexylurea (DCU) with
33% ethanol in DCM (10 mL; 6 x 1.5 min)
(ix) Repetition of steps vi to viii to ensure com-
pletion of coupling confirmed by semiquantitative
ninhydrin test".
Only Boc amino acids were used for coupling
except in the case of side-chain protected ones.
Boc-Ser (OBzl), Boc-Glu (OBzl), Boc-Asp (Bzl)
and Boc-Lys (CIZ) were the side-chain protected
amino acids used. Boc-Leu was coupled in a mix-
ture of DMF and DCM while all other acids were
coupled in DCM solution for 1 hr.
Cleavage of the crude peptide. The finished
peptide 7 was cleaved from the peptidyl resin fol-
lowing the method suggested by Bodanszky and
Bodanszky'". The peptidyl resin (200 mg) was
treated with a mixture of TFA-tmoanisole-m-
cresol (10:1:1; VIV) on a water-bath maintained
at 40°C for 30 hr which removed all the side-
chain protecting groups. The resin was removed
by filtration and the TFA was removed from the
peptide solution by rotary evaporation. The crude
peptide was precipitated by the addition of pre-
cooled dry ether (100 mL). The mixture was al-
lowed to stand overnight and the precipitated
peptide 8 isolated by centrifugation was washed
repeatedly with ice-cold ether (9-10 times) and
dried.
Purification of the crude peptide. The crude
peptide was dissolved in methanol and purified by
HPLC using a reverse phase C-18 column. Sol-
vent 'A:. consisted of distilled deionised water con-
taining 0.1% TFA and solvent 'B' consisted of
60% acetonitrile containing 0.1% TFA. The flow
rate was regulated at 0.5 mUmin.
Amino acid analysis. The major fraction col-
lected from HPLC was rotary evaporated and an
aliquot of the purified peptide 8 was hydrolysed
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in evacuated glass tubes using 6 N HCI at 110°C
for 22 hr and analysed. The amino acids analysis
gave values which agreed well with the expected
values.
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